INTRODUCTION
A lot of horticultural crops, including greenhouse tomato and cucumber are grown in inert substrates, mainly in rockwool. A serious disadvantage of the rockwool is the problem of its utilization after finishing of plant cultivation, because of difficulties in biodegradation. From the ecological point of view, there is a need to introduce for the practice biodegradable substrates, as like as the fiber wood.
For the growing plants under covers, it can be used such substrates as wood sawdust, straw balots (Uliński & Glapś 1988) , coconut fiber (Breś & Ruprik 2006 b) , as well as wood fiber obtained from pine wood (Rumpel 1998 , Piróg & Komosa 2006 ). Wood fiber was tested as a cultivation medium for tomato (Muro et al. 2005 , Piróg & Komosa 2006 , cucumber (Piróg 2008) , melon (Muro et al. 2005 ) lettuce seedlings (Gruda & Schnitzler 1997) , tomatoes transplants (Gruda & Schnitzler 2004) and pot vegetables production (Gruda et al. 2000) .
The main objective of this study was searching the changes of macro and microelement contents in the nutrient solutions, collected from the root environment of greenhouse cucumber grown in the wood fiber with an increasing density of 60, 80 and 100 g·dm -3 , in relation to the culture in the rockwool. This data could be important to optimize nutrient solutions for growing plants in the wood fiber as the biodegradable substrate. In the literature, there are no data referring the changes of nutrient solution in growing of greenhouse cucumber in this root medium. The effect of increasing concentration of nutrients in the root environment in hydroponics culture of horticultural plants was shown by Bloemherd & van Moolenbrock (1995) , Bőhme (1995) , Nurzyński (2004) , Dyśko & Kowalczyk (2005) and Breś & Ruprik (2006 b) .
MATERIALS AND METHODS
Vegetation experiments were carried out in the years [2007] [2008] in the greenhouse of the Department of Vegetable Crops, University of Life Sciences in Poznań. Content of macro and microelements in the nutrient solutions sampled from the root environment of greenhouse cucumber cv. Onyks F 1 grown in the slabs of wood fiber (100 x 20 x 7.5 cm), with a density: 60, 80, 100 g.dm -3 were studied in comparison with the rockwool Agroban (60 g·dm -3 ) -as the control. Experiment was established as the random block design in 4 replications. Plant spacing was 2.1 plants per 1 m 2 . One replication included 6 plants (3 slabs). All agrotechnical operations were carried out according to the actual growing recommendations of greenhouse cucumber.
Plants were grown with the application of fertigation in a closed system without nutrient solution recirculation. It was using tap water, contained (in g·dm by a syringe which was injected in mid-distance between the plants along the central axis of the slab. The syringe needle was inserted into one half of the slab thickness, in the mid of May, June and July each year. The mean sample was consisted of 10 samples collected from 10 slabs. Chemical analyses of nutrient solutions were carried out directly in the studied solutions (without stabilization) using the following methods: N-NH 4 and N-NO 3 -by distillation according to Bremner in Starck's modification, P -colorimetrically with ammonium vanadomolybdate, K, Ca, Na -by flame photometry, Cl -nephelometrically with AgNO 3 , S-SO 4 -nephelometrically with BaCl 2 , B -colorimetrically with curcumin, Mg, Fe, Mn and Cu -by atomic absorption spectrometry (ASA), EC -conductometrically and pH -potentiometrically. Results of nutrient solutions chemical analyses were subjected to statistical analysis. The significance of the differences was determined with Duncan's test at P=0.05.
RESULTS AND DISCUSSION

Macronutrients
The increase of wood fiber density from 60 to 80 g·dm -3 had no significant effect on nitrates, phosphorus, potassium, calcium and sulfate contents in the nutrient solutions collected from the root environment. Only contents of ammonium was raised and magnesium lowered at the density of 80 g·dm -3 (Table 1) . On the contrary, in growing of cucumber in the rockwool it was shown significant increase of nitrates, potassium, calcium, magnesium and sulfate contents in the nutrient solution sampled from the root environment, in comparison with the nutrient solution applied to the plants (Table 1) . Similar tendencies were reported by Breś & Ruprik (2006 b) for tomato grown in the coconut fiber and Pawlińska (2003) for tomato culture in the rockwool. On the other hand, there was not shown the increase of phosphorus content in the root environment. Its content in the root environment was significantly lower in relation to the nutrient solutions applied to the plants. This is probably a result of the retrogradation effect. 
Micronutrients
In case of changes of the micronutrients content in the nutrient solutions of root environment, there appeared significant differences between the studied substrates (Table 2 ). It was found that in the rockwool, there were higher contents of iron and boron (with the exception of the 100 g.dm -3 density), while in the wood fiber it was higher content of copper, however only at the density of 100 g·dm -3 . No significant effect of the substrate type was found to be exerted on the content of manganese, zinc and chlorides, as well as the ballast ion represented by sodium. Increase of the density of wood fiber substrate to 100 g·dm -3 significantly increased the contents of manganese, copper, boron and sodium (Table 2) . Note: see Table 1 In the nutrient solutions sampled from the root environment of plants, a significant alkalization was found, as compared with the nutrient solution applied to the plants. It could be connected with the increasing concentration of alkaline ions such as potassium, calcium, magnesium and sodium. Similar results were reported by Komosa & Olech (1996 b) and Pawlińska (2003) for tomato cultivation in the rockwool or Breś & Ruprik (2006 b) for the coconut fiber.
It can be stated that in the root environment of cucumber grown in the rockwool there were higher contents of ammonium, nitrates, iron and boron, but in the fiber wood calcium and copper. Increase of the wood fiber density to the range of 80-100 g·dm -3 significantly increased the content of ammonium, magnesium, copper, boron and sodium. At high density of the wood fiber (100 g·dm -3 ), there occurred a significant increase of the EC of nutrient solutions in the root environment. No significant changes were found in reference to the pH.
The nutrients and sodium concentration effect in the root environment.
The percentage increase or decrease of nutrient contents in the root environment in growing of greenhouse cucumber in the rockwool and wood fiber with a differentiated density were shown in Table 3 . A sequence of nutrients concentration increasing in the root environment for the rockwool was the following: Na>Zn>Cu>Ca>Cl>>K>B>Fe>N-NO 3 >Mg>S-SO 4 >N-NH 4 (P and Mn did not concentrate). For the wood fiber (mean for the densities 60-100 g·dm -3 ) this rank was: Cu>Na>Zn>Ca>Cl>K>B>S-SO 4 >Mg and it was not appeared for P, N-NH 4 , N-NO 3 , Mn and Fe. It is seen, the concentration rank for Na, Zn, Cu, Ca, Cl, K, B, S-SO 4 and Mg had a similar sequence in both substrates. The basic differences occurred for N-NH 4 , N-NO 3 and Fe. The fact that both nitrogen forms did not concentrate in the root environment can be the result of biological nitrogen sorption in the wood fiber because of a very wide C:N= 125. The effect of nutrient solution concentration in the root environment which leads to increase of EC was caused by the domination of water transpiration process in relation to the uptake of nutrients and selective ions uptake by plants (Komosa & Olech 1996a) . Concentration of nutrients in the root environment was also confirmed by Breś & Ruprik (2006 b) in tomato grown in the coconut fiber and Dyśko & Kowalczyk (2005) , Nurzyński (2004) and Pawlińska (2003) in the rockwool.
According to Pawlińska (2003) in the root environment of tomato grown in the rockwool, iron, boron and sodium concentrated most intensively, except for phosphorus. In this studies tendencies referring to sodium and phosphorus were also confirmed. Regardless of the type of substrate, copper belonged to the nutrients which was concentrated on the highest level, which was stated by Chohura (2000) . This author showed a high concentration of sodium in the nutrient solution collected from the wood fiber, confirming the results of Breś & Ruprik (2006 b) . CONCLUSIONS 1. Increase of the wood fiber density to the range 80-100 g·dm -3 significantly enhanced the contents of ammonium, manganese, copper, boron and sodium. 2. At high density of the wood fiber -100 g·dm -3 -it was found out significant increase of the EC of nutrient solutions in the root environment. No significant differences were found in pH of the nutrient solution. 3. In the root environment of plants grown in the rockwool higher contents of ammonium, nitrates, iron and boron were found, while in the wood fiber calcium and copper. 4. It was shown the nutrient concentration effect in the root environment, which for the growing of cucumber in the rockwool was formed in the sequence: Na>Zn>Cu>Ca>Cl>K>B>Fe>N-NO 3 >Mg>SO 4 >N-NH 4 (P and Mn was not concentrated), but for the wood fiber (mean for densities 60-100 g·dm -3 ) was in order: Cu>Na>Zn>Ca>Cl>K>B>S-SO 4 >Mg; there was no concentration effect for P, N-NH 4 , N-NO 3 , Mn, Fe.
WPŁYW GĘSTOŚCI WŁÓKNA DRZEWNEGO NA ZAWARTOŚĆ MAKRO I MIKROELEMENTÓW W ŚRODOWISKU KORZENIOWYM OGÓRKA SZKLARNIOWEGO Streszczenie Włókno drzewne, jako biodegradowalne podłoże, może być wykorzystywane jako podłoże do uprawy roślin ogrodniczych. Celem badań było określenie zmian zawartości makro i mikroelementów w środowisku korzeniowym ogórka szklarniowego odmiany Onyks F 1 uprawianego we włóknie drzewnym o wzrastającej gęstości objętościowej -60, 80, 100 g·dm -3 -w porównaniu do wełny mineralnej (Agroban 60 g·dm -3 ).
